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CALCIUM-DEPENDENT ACTOMYOSIN CONTRACTILITY IN OSTEOCYTES
UNDER MECHANICAL LOADING
Edward Guo
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Intracellular Ca+2 ([Ca+2]i) oscillations, mediated by mechanosensitive Ca
+2
channels and the ER Ca+2 store, have been observed in osteocytes in
response to mechanical loading in vitro and ex vivo in our laboratory. While
many distant downstream gene expression pathways of [Ca+2]i signaling have
been studied, the immediate, temporally-regulated effects of these
numerous [Ca+2]i oscillations in osteocytes have not been elucidated. A
recent study in the gene expression of primary osteocytes has suggested
high levels of muscle contraction-related proteins. A hallmark of muscle is
its [Ca+2]i-dependent actomyosin contractility. We hypothesized thatosteocytes utilize [Ca+2]i oscillations to activate pulsing, muscle-like con-
tractile mechanical behavior. In this study, we used a quasi-3D imaging tech-
nique to simultaneously measure the contractile behavior of the actin
networks and [Ca+2]i in single osteocytes.
[Ca+2]i spikes were induced using fluid flow, ATP, or ionomycin in MLO-Y4 os-
teocytes. Contraction in the actin networks was measured immediately upon
onset of [Ca+2]i influx in all groups, indicated by a decrease in the strain
value. Microtubule networks did not display a similar contractile response.
Longer imaging of actin contractions displayed reversible, phasic contrac-
tions in the actin networks over a period of w180 s.
As non-muscle and smooth muscle myosin II isoforms are regulated by myosin
light chain kinase (MLCK) and skeletal and cardiac myosin II isoforms by
troponins, we sought to determine the myosin responsible for the observed
contraction. Under ATP stimulation, MLCK inhibition by ML-7 drastically
altered the kinetics of contraction, but skeletal and non-muscle myosin II
inhibition by blebbistatin had no effect. This pointed towards a smooth
muscle myosin mediated contraction. Furthermore, we verified the presence
of smooth muscle myosin heavy chain (SMMHC) in primary osteocytes and
MLO-Y4 osteocytes.
Here, we demonstrate a novel osteocyte mechano- and transduction
behavior where [Ca+2]i oscillations activate dynamic actomyosin contrac-
tions. Future studies will verify this mechanism in ex vivo osteocytes, as
well as investigate downstream behaviors of contractility in osteocytes,
such as contractility-mediated vesicle exocytosis.
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Regenerative medicine with the use of stem cells is the therapeutic
alternative for many disease states. Questions remain regarding the viability
